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Introduction
============

The operating room is a high risk environment because of the volume[@ref1] and complexity of procedures undertaken.[@ref2] Adverse events during hospitalisation are often linked to surgical care,[@ref3] with wide variation in mortality rates across hospitals.[@ref4] Although most efforts to improve surgical care focus on technological advances,[@ref5] it seems unlikely that the use of robotics or attempts to standardise work procedures to improve efficiency would erase errors and costs completely.[@ref6] The impact of human factors on patient safety is crucial, and the surgeon's performance is a core element of successful surgery.

Professional expertise results from a gradual improvement in performance within a specialty. Typically, experts reach their peak performance in various domains at age 30 to 50 years---that is, after about 10 years' experience in their specialty.[@ref7] Older doctors who have been in practice for a long time after graduation might have less factual knowledge and be less likely to adhere to evidence based medicine,[@ref8] which risks the safety of care. However, few studies have explored the association between clinicians' experience and performance using objective outcome measurements.

In surgery, performance can be assessed by the occurrence of postoperative complications, and experience can be measured by the surgeon's age or time spent in practice. The importance of the education and training used to gain experience among young surgeons is obvious.[@ref9] Acquiring the necessary technical background can take time before individuals are able to master routine procedures and achieve better outcomes.[@ref10] [@ref11] Although complication rates can vary greatly during a surgeon's career, the potential decline in performance among very experienced surgeons remains unclear. Previous studies have used retrospective analyses of hospital databases without considering the clustered nature of the data.[@ref12] [@ref13] We aimed to model the association between the experience and performance of surgeons on postoperative complications in thyroid surgery.

Methods
=======

Study design and population
---------------------------

We conducted a prospective cross sectional study between 1 April 2008 and 31 December 2009, in five academic hospitals (centres A-E). The participating hospitals were high volume referral centres in endocrine surgery, each undertaking at least 500 thyroidectomies a year. All 28 endocrine surgeons who did thyroid surgery in these centres participated in the study. Patient recruitment for one year after surgery began in April 2008 in centres A to C, May 2008 in centre D, and July 2008 in centre E. All patients who underwent a thyroid procedure were eligible for inclusion.

Outcome measures
----------------

We considered two major complications of thyroid surgery: permanent recurrent laryngeal nerve palsy[@ref14] and hypoparathyroidism. Based on the available evidence, participating centres used an active follow-up protocol.[@ref15] [@ref16] Postoperative outcomes were systematically assessed during hospitalisation within 48 hours after the thyroid procedure. A second assessment was planned at least six months after the thyroidectomy to diagnose permanent complications.

The proportion of recurrent laryngeal nerve palsy was measured in patients who underwent unilateral or bilateral thyroid procedures. Postoperative vocal cord mobility was assessed by laryngoscopy.[@ref17] Exclusion criteria for recurrent laryngeal nerve palsy analysis included pre-existing nerve palsy before the intervention, previous thyroid surgery with unknown pre-existing nerve palsy status, voluntary resection of nerves during intervention due to invasive carcinoma, and patient death during follow-up.

The proportion of hypoparathyroidism was measured in patients who underwent a bilateral thyroidectomy. We defined postoperative hypoparathyroidism as a serum calcium concentration of lower than 2 mmol/L or a requirement for vitamin D or calcium supplementation (or both) to maintain healthy calcium concentrations after thyroidectomy.[@ref18] Exclusion criteria for hypoparathyroidism analysis included unilateral lobectomy, pre-existing hypocalcaemia or substitutive treatment with calcium or vitamin D (or both) before intervention, previous thyroid surgery with unknown pre-existing hypoparathyroidism status, and patient death during follow-up.

Owing to organisational constraints at centre E, systematic laryngoscopy was not feasible after each thyroid procedure. Therefore, vocal cord mobility was objectively assessed by laryngoscopy only in instances of postoperative voice alterations. For this reason, we did not include centre E in the analysis for recurrent laryngeal nerve palsy.

Data collection
---------------

Local investigators and staff received handouts and training to become familiar with data collection and procedures for monitoring surgical complications. After each thyroidectomy, the surgeon would systematically complete a patient report form, which included items regarding surgical indication and procedures, and the number of interventions that the surgeon had undertaken that day. Clinical research assistants completed data collection using medical records. These data included patient demographics and information on previous thyroid surgeries, thyroid specimen weights, postoperative supplementation with calcium or vitamin D (or both), calcium assay values, and assessments of vocal cord mobility.

Surgeons also completed individual questionnaires regarding their demographics, previous background, and professional experience, using a one off survey. The surgeon's length of experience was measured as the number of years spent in practice since graduation (that is, the end of residency). Before the analysis, we separated the experience variable into four categories to depict the successive steps in a surgeon's career in France: less than 2 years (that is, a very young surgeon starting a surgical fellowship), 2 to 4 years (junior surgeon ending a surgical fellowship), 5 to 19 years (senior surgeon), and 20 years and over (very experienced surgeon at the head of a surgical department).

We obtained the structural characteristics of each participating hospital from the French annual statistics on healthcare facilities in 2008.[@ref19] We calculated the proportion of cases included in the study as the ratio of the number of thyroidectomies with a fully completed patient form to the number of eligible thyroidectomies recorded in the hospital administrative databases.

Ethical considerations
----------------------

The Research Committee for the Protection of Persons allowed the study in accordance with ethical directives. The National Advisory Committee on Information Processing in Material Research in the Field of Health also approved the study, regarding the anonymous processing of personal health information. The participating centres approved the study protocol without giving incentives to surgeons for their participation. Before surgery, patients received written information about personal data use, and gave verbal consent for sharing their data.

Statistical analysis
--------------------

We described the characteristics of the hospitals and surgeons using absolute frequencies with percentages for categorical variables. We calculated mean values with standard deviations and median values with minimum-maximum intervals for continuous variables. We calculated 95% confidence intervals of complication rates using an exact method based on binomial distribution and used the Spearman's rank correlation test to investigate correlation between surgeon's length of experience and age, as well as the overall number of thyroidectomies previously undertaken. To identify variables associated with recurrent laryngeal nerve palsy and hypoparathyroidism, we compared thyroid procedures with and without complications. We used χ^2^ and Mann-Whitney tests to compare categorical and continuous variables, respectively.

We identified the factors associated with the probability of each complication by calculating crude and adjusted odds ratios using a mixed effects logistic regression. This approach was appropriate for the hierarchical design of this study, in which patients were nested in surgeons, who in turn were nested in hospitals. In the models, we classified a patient's case mix as a fixed effect (that is, the patient's age, sex, body mass index, weight of thyroid specimen, and complexity of surgical case), the surgeon as both random and fixed effects (that is, the length of experience and number of surgical procedures done by the surgeon on the same day), and the hospital as a random effect.

Since patients with high risk of complications might have been cared for by more experienced surgeons, we adjusted outcomes for the complexity of surgical case. We based complexity measurement on patients' variables that were significantly associated with complications in bivariate analyses. Consequently, we defined a complex surgical case as a procedure involving a patient with Graves' disease or a malignant neoplasm, an extended thyroidectomy, or a thyroidectomy with lymph node dissection. Model estimates and their 95% confidence intervals were obtained by using the glmmPQL function[@ref20] of the R free software, which fits generalised linear mixed models by an approximate method for facilitating inference.[@ref21] We also calculated a measure of the explained variation in final multivariate models using a variant of R^2^, based on absolute deviations.[@ref22] [@ref23] Percentages of total variance attributable to the patient, surgeon, and hospital centre levels were calculated by dividing R^2^ of a model with the level of interest by the R^2^ the final model with all levels included.

Furthermore, we plotted individual surgeons' performances according to their age or length of experience. Surgeons who operated on fewer than 30 patients were not considered in this performance curve analysis. Accordingly, the individual performances of 15 and 22 surgeons were plotted for recurrent laryngeal nerve palsy and hypoparathyroidism analyses, respectively. For each surgical case, we calculated the predicted probability of complication using parameter estimates from a multivariate logistic regression. The variables used were identical to those used previously for assessing the risk of complications, except for the experience of the surgeon, which was the variable of interest.

For each surgeon, we calculated the expected and observed number of complications as the sum of the predicted complication probabilities and the sum of the observed complications for all the procedures that each surgeon had undertaken, respectively. We measured performance as the difference between the expected and observed complication rates, using the equation (E--O/number of procedures)×100, where E and O are the expected and observed number of complications, respectively. A value above zero indicated good performance, whereas a value below zero indicated poor performance.

We tested whether a trend existed in the performance curves by adjusting a linear model with experience entered both as a linear and a quadratic term. A significant quadratic term suggested that surgeons' performances did not vary linearly. Instead, performance might have increased, reached a peak, and then decreased with age or length of experience. All tests were two tailed, and P\<0.05 was considered significant.

Results
=======

Of 3679 eligible procedures, 3574 (97%) were completed during the study period. In accordance with the exclusion criteria and complete follow-up, 2357 (66%) procedures were selected for the analysis of recurrent laryngeal nerve palsy (fig 1[](#fig1){ref-type="fig"}), and 2904 (81%) for the analysis of hypoparathyroidism (fig 2[](#fig2){ref-type="fig"}). We found no significant difference in case mix between patients who were included in analysis and those who were lost to follow-up. Overall rates of permanent nerve palsy and hypoparathyroidism were 2.08% (49/2357, 95% confidence interval 1.53% to 2.67%) and 2.69% (78/2904, 2.10% to 3.31%), respectively. We did not record any bilateral injuries of recurrent nerves.

![**Fig 1** Flow diagram of procedures in analysis of recurrent laryngeal nerve palsy](duca888362.f1_default){#fig1}

![**Fig 2** Flow diagram of procedures in analysis of hypoparathyroidism](duca888362.f2_default){#fig2}

Table 1[](#tbl1){ref-type="table"} summarises characteristics of the 28 participating surgeons and their distribution among the centres. The surgeons' mean age was 41 years, with a mean length of experience of 10 years. Length of experience correlated strongly with age (ρ=0.94, P\<0.0001) as well as with the overall number of thyroidectomies undertaken by surgeons during their career (ρ=0.85, P\<0.0001). They declared mean work week duration of 66 hours. During the one year inclusion period, six (21%) surgeons did fewer than 30 thyroid procedures, seven (25%) did between 30 and 99 procedures, nine (32%) did between 100 and 199 procedures, and six (21%) did at least 200 procedures.

###### 

 Characteristics of participating surgeons and hospital centres

                                                 Hospital centre                                                               
  ---------------------------------------------- ----------------- --------------- ------------- -------------- -------------- --------------
  **Surgeon level**                                                                                                            
   Participating surgeons                        5                 3               8             4              8              28
   Female/male surgeon                           0/5               0/3             1/7           2/2            2/6            5/23
   Age (years)                                   38 (33-63)        38 (33-63)      35 (30-54)    32.5 (31-52)   34.5 (32-69)   35.5 (30-69)
   Length of experience (years)\*                7 (3-36)          7 (3-35)        3 (0-25)      1 (0-25)       3 (0-38)       3 (0-38)
   Work week duration (hours)†                   60 (50-80)        65 (60-70)      60 (50-92)    62.5 (40-66)   80 (50-90)     65 (40-92)
   No of operated patients                       101 (4-406)       239 (191-331)   62 (10-172)   90 (51-272)    133 (19-387)   109 (4-406)
  **Hospital centre level**                                                                                                    
   Acute care beds (surgical beds) in hospital   751 (290)         719 (327)       446 (266)     984 (320)      1459 (563)     4359 (1766)
   Healthcare workers in hospital                3504              3571            1534          4792           8509           21910
   Operating rooms in hospital                   30                26              26            27             45             154
   Patients included in study                    744               747             560           501            1022           3574

Data are number or median values (minimum-maximum) unless stated otherwise.

\*Calculated as no of years spent in practice since graduation (that is, surgeons at the beginning of their career during the study period had a length of experience equal to zero).

†Declared by each surgeon based on the average number of hours spent weekly for surgical, administrative, teaching, and research activities.

Univariate analysis showed that patients had permanent hypoparathyroidism more frequently after being operated on by surgeons who had spent the shortest or the longest time in practice since graduation (table 2[](#tbl2){ref-type="table"}). Postoperative hypoparathyroidism was associated with younger patients, female patients, and heavier thyroid specimens; Graves' disease or malignant neoplasm; and extended thyroidectomy or lymph node dissection. The frequency of complex surgical cases handled by surgeons was not associated with their experience. Surgeons in practice for at least 20 years did not have a higher proportion of high risk patients with Graves' disease, thyroid cancer, extended thyroidectomy, or lymph node dissection than their less experienced colleagues (21.1% (194/921) *v* 22.8% (315/1384) for nerve palsy analysis; 25.9% (286/1105) *v* 28.3% (476/1680) for hypoparathyroidism analysis).

###### 

 Distribution of surgeon and patient characteristics regarding permanent complications after thyroid surgery (univariate analysis)

  Variable                                                       No (%) of thyroid procedures                                                                 
  -------------------------------------------------------------- ------------------------------ ------------- ------ ---------- -------------- -------------- ------
  **Length of surgeon experience (years)\***                                                                                                                  
  \<2 (n=8 surgeons)                                             8 (2.4)                        323 (97.6)    0.06              13 (2.7)       477 (97.3)     0.02
  2-4 (n=7 surgeons)                                             10 (1.7)                       578 (98.3)           23 (3.0)   749 (97.0)                    
  5-19 (n=6 surgeons)                                            4 (0.8)                        489 (99.2)           3 (0.6)    484 (99.4)                    
  ≥20 (n=7 surgeons)                                             27 (2.9)                       918 (97.1)           39 (3.4)   1116 (96.6)                   
  **Surgical procedures performed by surgeon on same day (n)**                                                                                                
  \<3                                                            16 (2.6)                       588 (97.4)    0.53              24 (3.2)       726 (96.8)     0.67
  3-4                                                            26 (1.9)                       1372 (98.1)          47 (2.6)   1744 (97.4)                   
  ≥5                                                             6 (2.2)                        273 (97.8)           6 (2.4)    248 (97.6)                    
  **Thyroid disease**                                                                                                                                         
  Non-toxic solitary nodule                                      3 (0.9)                        340 (99.1)    0.24              0              121 (100)      0.04
  Non-toxic multinodular goitre                                  27 (2.1)                       1275 (97.9)          44 (2.4)   1755 (97.6)                   
  Hyperthyroidism                                                7 (2.8)                        246 (97.2)           6 (2.1)    286 (97.9)                    
  Graves' disease                                                8 (3.5)                        220 (96.5)           11 (3.4)   313 (96.6)                    
  Malignant neoplasm                                             4 (1.7)                        227 (98.3)           17 (4.6)   351 (95.4)                    
  **Thyroid procedure**                                                                                                                                       
  Unilateral lobectomy                                           4 (1.2)                        336 (98.8)    0.51              Not included   Not included   0.02
  Subtotal thyroidectomy                                         1 (5.6)                        17 (94.4)            0          24 (100)                      
  Total thyroidectomy                                            41 (2.2)                       1847 (97.8)          69 (2.6)   2600 (97.4)                   
  Extended thyroidectomy                                         1 (4.8)                        20 (95.2)            4 (10.3)   35 (89.7)                     
  Completion thyroidectomy                                       2 (2.2)                        88 (97.8)            5 (2.9)    167 (97.1)                    
  **Lymph node dissection**                                                                                                                                   
  Yes                                                            2 (1.0)                        189 (99.0)    0.29              15 (4.5)       318 (95.5)     0.03
  No                                                             47 (2.2)                       2104 (97.8)          60 (2.4)   2414 (97.6)                   
  **Patient sex**                                                                                                                                             
  Male                                                           6 (1.1)                        524 (98.9)    0.08              9 (1.4)        617 (98.6)     0.03
  Female                                                         43 (2.4)                       1784 (97.6)          69 (3.0)   2208 (97.0)                   
  **Patient age (years)**                                                                                                                                     
  Mean (SD)                                                      51.5 (15.0)                    51.3 (14.9)   0.95              48.1 (16.4)    51.8 (14.6)    0.02
  **Patient body mass index†**                                                                                                                                
  Mean (SD)                                                      26.5 (6.9)                     25.8 (5.2)    0.88              25.7 (5.8)     25.9 (5.2)     0.46
  **Weight of thyroid specimen (g)**                                                                                                                          
  Mean (SD)                                                      49.3 (59.5)                    45.8 (48.2)   0.56              51.1 (40.7)    48.2 (48.9)    0.05

\*Calculated as the number of years spent in practice since graduation.

†Calculated as weight (kg) divided by height (m^2^).

Table 3 [](#tbl3){ref-type="table"} shows multivariable analyses of factors independently associated with complications after adjustment for both patient and surgeon variables. Experience of 20 years or more was the only factor associated with an increased probability of both recurrent laryngeal nerve palsy (odds ratio 3.06, P=0.04) and hypoparathyroidism (7.56, P=0.01). Occurrence of nerve palsy was linked with female patients (2.74, P=0.03), whereas hypoparathyroidism was associated with young patients (0.84 by 10 years increase, P=0.04) and inexperienced surgeons (5.93, P=0.02). Patients accounted for the largest proportion of total variability in surgical outcome. Variation attributable to surgeons was greater for hypoparathyroidism (32%) than for recurrent laryngeal nerve palsy (10%).

###### 

 Factors independently associated with occurrence of permanent complications after thyroid surgery (multivariate analysis)

  Variable                                                       Permanent complications (odds ratio (95% CI)                                                         
  -------------------------------------------------------------- ---------------------------------------------- -- --------------------- -- ---------------------- -- ----------------------
  **Length of surgeon experience**                                                                                                                                    
  \<2 years                                                      3.59 (0.98 to 13.10)                              2.41 (0.69 to 8.36)      4.44 (1.15 to 17.10)      5.93 (1.28 to 27.39)
  2-4 years                                                      2.34 (0.64 to 8.53)                               1.77 (0.55 to 5.69)      4.77 (1.33 to 17.16)      5.80 (1.34 to 25.10)
  5-19 years                                                     1.00                                              1.00                     1.00                      1.00
  ≥20 years                                                      2.78 (0.83 to 9.32)                               3.06 (1.07 to 8.80)      5.24 (1.50 to 18.34)      7.56 (1.79 to 31.99)
  **Surgical procedures performed by surgeon on same day (n)**                                                                                                        
  \<3 procedures                                                 1.00                                              1.00                     1.00                      1.00
  3-4 procedures                                                 0.76 (0.42 to 1.37)                               0.90 (0.46 to 1.79)      0.73 (0.45 to 1.20)       0.84 (0.49 to 1.46)
  ≥5 procedures                                                  0.84 (0.33 to 2.12)                               1.15 (0.42 to 3.20)      0.65 (0.26 to 1.58)       0.73 (0.26 to 2.05)
  **Type of surgical case**                                                                                                                                           
  Routine                                                        1.00                                              1.00                     1.00                      1.00
  Complex\*                                                      1.24 (0.69 to 2.24)                               1.56 (0.80 to 3.07)      1.58 (1.00 to 2.51)       1.51 (0.89 to 2.55)
  **Patient sex**                                                                                                                                                     
  Male                                                           1.00                                              1.00                     1.00                      1.00
  Female                                                         2.25 (1.02 to 4.98)                               2.74 (1.08 to 6.97)      2.15 (1.10 to 4.22)       1.98 (0.96 to 4.06)
  **Patient age**                                                                                                                                                     
  By 10 year increase                                            1.00 (0.98 to 1.02)                               1.02 (0.83 to 1.25)      0.98 (0.97 to 0.99)       0.84 (0.71 to 0.99)
  **Patient body mass index**                                                                                                                                         
  By 5 point increase                                            1.04 (0.99 to 1.09)                               1.21 (0.93 to 1.57)      0.99 (0.95 to 1.04)       1.06 (0.84 to 1.33)
  **Weight of thyroid specimen**                                                                                                                                      
  By 100 g increase                                              1.00 (0.99 to 1.01)                               1.23 (0.71 to 2.15)      1.00 (0.99 to 1.01)       1.34 (0.83 to 2.14)

\*Included a surgical indication of Graves' disease or malignant neoplasm, an extended thyroidectomy, or a thyroidectomy with lymph node dissection.

†Variation attributable to the patient, surgeon, and hospital centre levels was 58.6%, 10.3%, and 0.0%, respectively.

‡Variation attributable to the patient, surgeon, and hospital centre levels was 55.6%, 31.5%, and 0.0%, respectively.

We found no association between recurrent laryngeal nerve palsy and a surgeon's length of experience and age (fig 3[](#fig3){ref-type="fig"}, web appendix). However, we saw a concave association between hypoparathyroidism and the length of experience or age of the surgeon (P=0.036 and P=0.035, respectively; fig 3). Surgeons between 35 and 50 years old (that is, with 5-20 years of practice since graduation) had better outcomes than their younger and older colleagues.

![**Fig 3** Surgeon performance curve by permanent complication. Points were above zero if the surgeon's performance was higher than predicted by the risk model, and below zero if the performance was lower than predicted.](duca888362.f3_default){#fig3}

Discussion
==========

In this multicentre study, patients were at increased risk of permanent complications after a thyroidectomy when operated on by inexperienced surgeons or those who have spent the longest time in practice since graduation. We observed a concave association between surgeons' experience and their case mix adjusted performance, suggesting that surgeons aged 35 to 50 years provided the safest care. Thyroidectomies by surgeons in practice for 20 years or more increased the probability of permanent complications considerably. Large effect sizes might raise important issues about patient safety and surgeons' experience, but those findings should be interpreted cautiously in the light of wide confidence intervals, owing to the scarcity of monitored complications.

Comparison with other studies
-----------------------------

Few studies have specifically assessed the influence of surgeons' experience on surgical outcomes. Older surgeons who have been in practice for a long time have been found to be associated with increased mortality rates after coronary artery bypass grafting[@ref12] or carotid endarterectomy.[@ref13] Increased experience, especially among doctors with more than 20 years' experience in practice,[@ref24] might also be associated with a raised risk of inpatient death related to medical care.[@ref8] However, compared with medical specialties, poor outcomes among very experienced surgeons could be explained by a weariness related to a high volume of procedures rather than improper technical skills or a lack of compliance with evidence based practice. Indeed, the organisation of healthcare provision in French academic hospitals is hierarchical, with most experienced surgeons at the head of surgical departments and responsible for the education and training of their young colleagues. Attending surgeons within the same team often reproduce similar techniques based on knowledge and skills that they have learned from older surgeons. Thyroid surgery is a highly reproducible and well defined procedure that has not changed substantially over the past decades.[@ref25] Furthermore, most experienced surgeons generally spend more time on academic and administrative duties than their younger colleagues, who can focus more on surgical activities. The additional burden on workload related to non-clinical tasks could affect surgeons' attention in the operating room and jeopardise patient safety.[@ref26]

According to the surgeons' performance curves, they are expected to reach peak performance in mid-career after their education ends and their techniques are well mastered. Following this period, and without appropriate training and ongoing challenges, a surgeon's performance could decline over time because of mental fatigue related to the repetition of a specific procedure over a long time. Physiological factors such as reduced stress with age[@ref27] or habit might also lead to poor compliance with new techniques, and then to increased complication rates. Talent and experience are not enough to guarantee safe surgery if a surgeon does not possess the motivation and willingness to progress.[@ref28] To maintain a high level of performance for the rest of their careers, surgeons should continuously strive to critically examine the care delivered.[@ref29] Based on those assumptions, recertification of surgeons older than 50 years could focus on mental coaching and raising awareness to their own performance. Such an approach needs the implementation of outcome monitoring systems that have proved to be useful in reducing surgical complications in both local[@ref30] and national[@ref31] initiatives.

Previous analyses based on administrative databases have also established that surgeons with high volume workloads could provide better care in thyroid surgery.[@ref32] [@ref33] [@ref34] In this study, we did not identify any volume threshold or a particular time of day that was related to increased risks of complication. The daily operation schedule seemed to have marginal effects on the occurrence of complications, compared with surgeon experience and patient case mix variables. Similar to previous results, patient unit related factors accounted for the majority of variability in surgical outcome.[@ref35] Irrespective of the lower proportion of variability attributable to surgeon and hospital centre levels, meaningful variation in performance could still be present even among a homogeneous population of highly specialised surgeons.

Strengths and limitations of study
----------------------------------

The strengths of our study included that it was designed a priori to model the nature of the association between surgeons' experience and performance in thyroid surgery, patient recruitment and data were recorded prospectively with great thoroughness, we based objective measurements of performance on rigorous follow-up of permanent complications that were systematically assessed and collected (and not self reported by surgeons), the patient case mix and other surgeon factors were partly controlled, and we considered the clustering of patients within surgeon and hospital centre levels.

However, this work had several limitations. The applicability of our results to other surgical fields is questionable, in view of the limited sample size of endocrine surgeons in academic referral centres. Our study had few middle aged surgeons with an intermediate length of experience, suggesting that the cohort of surgeons examined might not be representative of the average population of surgeons. The validity of our results also depends on how surgeons' experience was measured and whether the risk adjusted rates of complications showed surgical outcomes adequately. The length of experience was highly correlated with the surgeon's age or volume of thyroidectomies previously undertaken, but our analysis did not account for the possibility that a surgeon took a short career break, or that successive generation of surgeons might have had different experiences of training before entering independent practice.

Furthermore, we cannot exclude that other unknown or unmeasured factors might have explained part of the variation seen in complication rates. Despite adjusting for high risk patients and very complex surgical cases between the various surgeons' age categories, the singularity of thyroid diseases occasionally required procedures in which complexity might not have been sufficiently captured in our multivariate models. Surgical outcome depends on interactions between many factors that are still poorly understood and difficult to characterise.[@ref36] These factors include the combination of manual and intellectual skills acquired during a surgeon's academic and professional training. The physical and mental condition of the surgeon on a given day is also essential, and a sudden or more insidious fatigue could reduce the surgeon's vigilance and increase the risk of complications.[@ref37] [@ref38] [@ref39] The number of procedures undertaken,[@ref40] [@ref41] excessive workloads,[@ref30] [@ref42] or resident intraoperative participation[@ref43] have also been suggested to influence surgical outcome. Although technical skills are a prerequisite for successful surgery, collective factors and a surgeon's leadership are essential for effective teamwork within the operating room.[@ref44] [@ref45]

Future studies should be conducted with larger populations of surgeons in various settings and other surgical specialties to corroborate the potential link between experience and performance. Since a cross sectional study might be inappropriate to resolve a dynamic phenomenon, a recommended design would be to follow a particular cohort of surgeons over time. Indeed, poor outcomes among older surgeons could be because their training is outdated rather than because of a declining performance with age. Despite practical constraints and possible confounding related to secular trends,[@ref8] longitudinal outcome monitoring of surgeons can be implemented to explore changes in performance during their careers.

Conclusions and policy implications
-----------------------------------

Working in a high volume academic hospital does not compensate for the probable lack of experience of newly appointed endocrine surgeons. Our findings also suggest that a surgeon cannot achieve or maintain top performance passively by accumulating experience, which raises concerns about ongoing training and motivation throughout a career that extends several decades. Solutions to help surgeons avoid poor outcomes could include simulation and proctoring in the early years of their careers, continuous monitoring of performance, and targeted retraining if appropriate. Individual feedback based on outcome indicators might increase awareness about performance and improve safety in surgical practice.

### What is already known on this topic

1.  Experts reach their peak performance in various specialties between the ages of 30 and 50 years

2.  Doctors who have been in practice for a long time since graduation possess less factual knowledge and are less likely to adhere to evidence based care

3.  Rates of postoperative complications can vary greatly during a surgeon's career

### What this study adds

1.  Patients were at an increased risk of permanent complications after a thyroidectomy by inexperienced surgeons and by those in practice for 20 years or more

2.  Surgeons aged 35 to 50 years could have better postoperative outcomes than their younger and older colleagues, which raises concerns about ongoing training and motivation of surgeons during their careers

3.  Variability in performance over the course of a surgeon's career are caused by unknown factors that should be further explored
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